INTRODUCTION
============

The gastroesophageal reflux disease (GERD) is considered the most common disease of the upper digestive tract in the western population. Surgery is its definitive treatment, since it restores the competence of the lower esophageal sphincter (LES) and cardia, by performing an anti-reflux valve (fundoplication), using the gastric fundus involving the abdominal esophagus^[@r04]^. The main effect of this procedure is a significant increase in pressure at the LES level associated with the reduction of transient relaxation of the sphincter^[@r21]^.

The functional alteration of LES is regarded as the most important etiological factor in the onset of GERD^[@r02]^. It must also be considered the motility disorders of the body of the esophagus, since approximately 75% of patients with symptoms of reflux disease that are not pronounced show changes. On the other hand, 50% of patients with pronounced symptoms have changes in esophageal motility. However, there is still controversy on this issue, whether the motility disorder is a cause or consequence of GERD. The normal function of the esophageal peristalsis is important in the prevention of peptic esophagitis, as it is the esophagus itself that removes the acid reflux, while saliva tends to neutralize it^[@r09],[@r12]^.

Videolaparoscopy surgical treatment is the most advance in the progress of surgery in recent years, allowing the complete reproduction of the method established in open surgery^[@r04],[@r20]^. In the immediate postoperative, it is relatively common the development of transient dysphagia in some patients, which in most cases disappears up to six weeks postoperatively. However, a small number of them persist with postoperative dysphagia preventing them from eating normally and interfering with their daily habits^[@r10]^.

The aim of this study was to analyze a group of patients who presented late and persistent dysphagia postoperatively, after six months of fundoplication for GERD treatment.

METHODS
=======

From June 1997 to December 2007, 41 patients who underwent fundoplication in community hospitals for GERD treatment, had severe dysphagia for at least six months and had great difficulty eating solid foods were referred and evaluated in the Unicamp University Hospital.

All cases presented symptoms of gastroesophageal reflux disease for long time. The indication for surgery was because of the constant dependence and the long treatment with proton pump blockers, and after stopping the medication the GERD symptoms would return. Patients included in the study presented hiatus hernia and esophagitis (degree A and B - Los Angeles classification) in esophagogastroduodenoscopy performed before surgery and also reported no dysphagia preoperatively and therefore did not undergo esophageal manometry previously.

The postoperatively evaluation included medical history and physical examination, performance of esophagogastroduodenoscopy, contrasted radiographic examination (barium swallow) of the esophagus, stomach and duodenum, and esophageal manometry. The serology for Chagas disease was negative in all cases.

Were 14 male and 27 female, aged 30-67 years and mean age of 48 years. The surgical technique used in all cases was laparoscopic Nissen fundoplication.

As a control group, there were another 19 asymptomatic individuals who had submitted to the same surgery and six months later presented no dysphagia. Similarly, indication for surgery was also due to hiatus hernia and same degrees of esophagitis, and the constant need of proton pump blockers to relieve their symptoms.

The esophagogastroduodenoscopy was performed by the same team of endoscopists, employing the Los Angeles classification.

The contrasted radiographic examination (barium swallow) was performed by an experienced radiologist analyzing the esophageal emptying time by fluoroscopy, swallowing a standardized solution of 250 ml of barium contrast, diluted to 80%. The esophageal emptying time was considered normal between five and seven seconds. When esophageal emptying time was recorded over seven seconds, was considered delayed emptying.

The esophageal manometry was performed after fasting for at least six hours, employing a catheter with eight side holes, with four radial holes being located at the same level and the other holes being located 5 cm from one another (Zynetics,Inc., Salt Lake City, UT, USA). The catheter was constantly perfused with water by a pneumo-hydraulic pump (Arndorfer Medical Specialties, Greendale, WI, USA) at a rate of 0.5 ml/min. The catheter was passed through the nostril until reaching the stomach. The signals were captured for subsequent analysis in a digital computerized polygraph (Synectics Polygraph, Medtronic, Sweden).

The resting pressure of the LES was obtained by averaging the pressures obtained by the stationary pull-through technique, from one by one centimeter, from the gastric fundus. To analyze in detail the measurements of the LES, were included the maximal expiratory pressure, the mean respiratory pressure and the residual pressure. The maximal expiratory pressure is the LES pressure at the end-expiration, corresponding the point in the respiratory cycle where the diaphragmatic contribution to the observed pressure is at a minimum. The mean respiratory pressure is the LES in the midexpiration, corresponding the pressure component contributed by the diaphragm during respiration. And the residual pressure was definided as the difference between the lowest pressure measured during relaxation and the gastric baseline pressure and was evaluated after six swallows of 5 ml water in the region of the LES, using the mean value obtained in the four radial channels located at the same level. The esophageal peristalsis was evaluated using five holes on side of the catheter, located at 5 cm distance from each other and positioned along the organ, being the first 3 cm above the proximal edge of the LES, after swallowing of 5 ml water for 10 times at an interval of 30 seconds between swallows^[@r22]^.

Normal values ​​were based on standardized population studies already published. The values ​​of maximal expiratory pressure of the LES were obtained in the Brazilian study done by Lemme *et al*.^[@r15]^. The normal values ​​for the mean respiratory pressure of the LES were proposed by Richter *et al*.^[@r22]^. Thus, the respective normal values ​​considered were: maximal expiratory pressure 10-35 mmHg and mean respiratory pressure 14-34 mmHg. And the values of the residual pressure ​​found in control subjects were used for statistical comparisons. The criteria for the evaluation of the body of the esophagus were those defined by Richter et al^.22^, being considered the esophageal motility disorders those proposed by Spechler & Castell^[@r25]^, published recently seeking their standardization. By the other hand, the manometric findings for the characterization of ineffective esophageal motility were based on the criteria published by Leite et al.^[@r13]^.

The analysis of results was done by nonparametric Mann-Whitney test, comparing two independent groups, with a significance level of 5%^[@r26]^

RESULTS
=======

All patients reported clinical improvement of the symptoms of GERD with the completion of the fundoplication. However, after surgery, the patients developed symptoms of persistent dysphagia postoperatively with great difficulty eating solid foods.

Upper gastrointestinal endoscopy
--------------------------------

The endoscopic examination carried out six months after surgery in patients with dysphagia revealed absence of esophagitis in all patients. The passage of the endoscope into the stomach was easy and there was no obstacle. The analysis of the gastric fundus revelead that the fundoplication was adjusted to the endoscope. Moreover, was verified the presence of fundoplication with total involvement of the endoscope and circular folds, and was concluded that none were above the diaphragm ring.

The endoscopy of control subjects who had no dysphagia, also performed six months after surgery, showed the absence of esophagitis, with easy passage of the device into the stomach. The analysis of fundoplication showed that it completely surrounded the endoscope with intra-abdominal circular folds.

Radiological examination
------------------------

Among patients with persistent dysphagia, six had delayed emptying of contrast and slight narrowing of the distal esophagus, without dilated organ in any of them. The remaining patients had normal radiological examination.

Esophageal manometry
--------------------

Lower esophageal sphincter pressures

In the control group, maximal expiratory pressure ranged from 10-26 mmHg, mean respiratory pressure from 14-34 mmHg, and residual pressure from 4-9 mmHg. The length of the LES was 3.5 to 5 cm.

The maximal expiratory pressure had its minimum value recorded at 10 mmHg and the maximum value at 38 mmHg in patients with dysphagia. The mean respiratory pressure ranged from 14-37 mmHg.

Residual pressure in the group with dysphagia ranged from 5-31 mmHg, and from 4-9 mmHg in patients without dysphagia ([Table 1](#t01){ref-type="table"} and [2](#t02){ref-type="table"}).

###### 

Analysis of the LES in patients operated with dysphagia and in controls

  Groups                         Lenght(cm)   MEP(mmHg)   RP(mmHg)   MRP (mmHg)
  ------------------------------ ------------ ----------- ---------- ------------
  Control (19)                   3.5 to 5     10 to 26    4 to 9     14 to 34
  Patients with dysphagia (41)   3.5 to 6.5   10 to 38    5 to 31    14 to 37

MEP=maximal expiratory pressure; MRP=mean respiratory pressure; RP=residual pressure

###### 

Variations of the values of residual pressure in patients with dysphagia

  Variation of RP (mmhg)   5 to 9   10 to 12   13 to 15   16 to 18   \>  18
  ------------------------ -------- ---------- ---------- ---------- ------------------------------------
  Nº. of patients          17       8          12         2          2[\*](#TFN01){ref-type="table-fn"}

RP=residual pressure;

values three times higher compared to the control group

Statistical analysis comparing the values ​​of the variable maximal expiratory pressure between the groups with and without dysphagia, showed no significant differences (p=0.8701, p\>0.050. Similarly, when the values ​​obtained from the variable mean respiratory pressure were compared between the two groups, there was no statistical significant difference (p=0.8274, p\>0,05. The length of the LES ranged from 3.5 cm to 6.5 cm in these groups.

However, when were analyzed separately the residual pressure in patients with dysphagia, only 17 patients had values ​resembling the ones in the control group. Respectively, 12 patients had values ​​50% higher than controls, two had values ​​twice as high and two other had values ​​three times greater. The others had values ​​around 30% higher than the control group.

The statistical analysis of the values ​​obtained from the variable residual pressure showed significant difference (p=0.0007, p\<0.05). The [Figure 1](#f01){ref-type="fig"} shows these different pressures.

![**Pressure variation of the LES for control group and the patients with dysphagia** MEP\* =control; MRP\*=control; RP\* =control; MEP=maximal expiratory pressure; MRP=mean respiratory pressure; RP=residual pressure; RP versus RP\* - p=0.0007, p\<0.05](abcd-27-04-0251-g01){#f01}

Length of the lower esophageal sphincter
----------------------------------------

Finally, comparing the changes of length of the LES obtained between the two groups, was found no significant difference to the statistical analysis (p=0.6237, p\>0.05 ([Figure 2](#f02){ref-type="fig"}).

![**Changes of the length of the LES for control group and the patients with dysphagia** LES\*=control - lower esophageal sphincter; LES versus LES\* p=0.6237, p\>0.05)](abcd-27-04-0251-g02){#f02}

Body of the esophagus
---------------------

The [Table 3](#t03){ref-type="table"} below summarizes the changes in esophageal peristalsis recorded in control patients and patients with dysphagia. In the control patients, peristalsis was considered normal in all; however, among the 41 patients with dysphagia, peristalsis was normal in 20 and the others had changes that were characterized as total aperistalsis (achalasia), diffuse esophageal spasm, ineffective esophageal motility and nutcracker esophagus. In the latter patients, was recorded average values ​​of the amplitudes of waves of 206 mmHg, 208 mmHg and 220 mmHg, respectively.

###### 

Esophageal peristalsis of controls and patients with dysphagia

  Esophageal motility            Normal   Aperistalsis   NCE   DES   IEM
  ------------------------------ -------- -------------- ----- ----- -----
  Controls (19)                  19       \-             \-    \-    \-
  Patients with dysphagia (41)   20       4              3     4     10

DES =diffuse esophageal spasm; IEM=ineffective esophageal motility; NCE=nutcracker esophagus

The analysis the manometry study of the body of the esophagus comparing the asymptomatic control group and the patients with dysphagia showed statistical significances (p\<0.0001, p\<0.05). Moreover, by analyzing the changes in motility of the body of the esophagus recorded only in patients with dysphagia, no statistical differences were found (p=0.0879, p\>0.05) ([Table 3](#t03){ref-type="table"}).

On the other hand, analyzing separately the residual pressure of the 20 patients with dysphagia and normal peristalsis, were found that 12 patients presented higher residual pressure of the LES, ranging from 13-25 mmHg, and the respective values ​​are shown in [Table 4](#t04){ref-type="table"}.

###### 

Patients with dysphagia and normal peristalsis, but with higher residual pressure

  Values of RP (mmHg)   13   15   20   25   \>  25
  --------------------- ---- ---- ---- ---- --------
  Nº. of patients       6    3    2    1    \-

RP=residual pressure

DISCUSSION
==========

Currently, GERD is among the most studied digestive diseases, affecting a significant population of subjects with daily symptoms, requiring prolonged treatment at high cost, and it may lead to serious complications, being evident its importance in society^[@r16]^. The surgical treatment using fundoplication is effective and has good long-term results^[@r19]^. Fundoplication performed by laparoscopy, since the first description in 1991^[@r04]^ gained popularity, thus becoming the first option as treatment, since the results obtained were similar to those achieved by conventional surgery, in terms of short-term and long-term success^[@r01],[@r03],54,[@r19],[@r20]^. In a recent study of evidence-based medicine, Catarci *et al*.^[@r03]^ concluded that videolaparoscopic surgery is as safe and effective as open surgery, with the advantage of having less morbidity and shorter hospital stay^[@r03]^.

Historically, the manometric studies were initiated in 1956; the record of the LES pressure has been the most used method to evaluate its competence^[@r14]^. Some authors, studying subjects with GERD, have found lower LES pressure values than that of the normal population^[@r14]^. Other authors have demonstrated that the pressure is not, alone, a good parameter to separate the population with physiological reflux from those with pathological reflux^[@r07],[@r27]^. Clinical and experimental studies have shown that the length of the LES exposed to the pressure of the abdominal cavity, as a valve mechanism, plays an important role in preventing reflux^[@r17],[@r27]^. It was also demonstrated that the competence of the cardia in preventing reflux depends not only on the pressure of the LES and its abdominal length, but also of its total length^35^. There is also to be considered the effect of the acute esophagogastric angle, the mucosal rosette and the effect of diaphragmatic crura. Recent studies show that the transient relaxation of the LES and the delayed gastric emptying are important factors in the pathophysiology of GERD^[@r11],[@r14]^.

In the past, several studies have demonstrated that fundoplication performed by laparotomy determined a significant increase in the basal pressure of the LES^[@r07]^. Ireland et al.^[@r07]^, studying 18 patients undergoing open Nissen fundoplication, concluded that the residual pressure of the LES was the primary anti-reflux mechanism after this surgery. Kiroff et al.^[@r11]^ analyzing 41 patients demonstrated a significant increase in the residual pressure of the LES with swallowing of water after open surgery. Johnsson et al.^[@r08]^found that fundoplication reduces the occurrence of transient relaxation of the LES induced by gastric dilatation^[@r24]^. These same results were also obtained after Nissen fundoplication performed by videolaparoscopy^[@r18],[@r23]^.

This study included a group of patients with persistent dysphagia, who had difficulty eating solid foods even after six months or more after undergoing Nissen fundoplication for GERD treatment. The limitation of this study was that the patients enrolled had not performed the esophageal manometry preoperatively. However, they were operated in community hospitals where this diagnostic method is not always available. And subsequently were referred to the university hospital for evaluation and treatment of late and persistent dysphagia.

It is important to emphasize that dysphagia is a relatively common symptom until the 6^th^ week postoperatively, but its long-term persistence brings great discomfort as it prevents the patient to eat normally. Also its treatment depends on a careful and detailed evaluation and a good sense from the surgeon faced with this problem^[@r03],[@r07],[@r08],[@r10],[@r18],[@r20]^.

The upper digestive endoscopy performed in all patients with dysphagia showed the absence of esophagitis. And the radiological examination showed that six cases presented delayed emptying of contrast and slight narrowing of the distal esophagus, but with normal esophageal diameter. The barium esophagogram in GERD provides good morphological evaluation of the body (shape and characteristics of esophageal transit of contrast material), helps to accurately acess esophageal emptying, the presence of hiatal hernia, stenosis, the motility, and identify the presence of reflux. After surgery, the esophagogram helps access esophageal emptying in cases with dysphagia, the location, integrity and length of the fundoplication, the presence of a recurrent hernia, and motility. Also helps the evaluation of gastric motility and emptying. Therefore it is important in patients with GERD^[@r17],[@r20],[@r24]^.

The motility changes of the body of the esophagus are often associated with GERD. Approximately 25% of patients with mild symptoms of reflux disease have motility changes, while 50% of patients with severe symptoms have changes in esophageal motility^[@r09]^. However, there are much controversies on this subject, with no consensus if the change of esophageal motility is a cause or consequence of GERD, and, besides, these patients have a higher prevalence and severity of dysphagia, respiratory symptoms, and chest pain, compared with those with normal esophageal motor function^[@r18],[@r21]^.

These results demonstrated that 10 patients already suffered preoperatively from ineffective esophageal motility, were asymptomatics and developed persistent dysphagia after Nissen fundoplication. It is important to emphasize that these patients, like many others with GERD, presented no dysphagia before surgery. The changes regarding ineffective esophageal motility were evident and very significant, and only two patients had 100% peristaltic waves, but had marked hypocontractility of the body of the esophagus, respectively, one with all the waves with amplitudes below 30 mmHg and other with 80% of waves with amplitude below 30 mmHg. The remaining ones, besides showing dyskinesia, had \"aperistaltic\" or not propagated waves, ranging from 30-50% of the swallows studied. Therefore, within the diagnostic criteria of the ineffective esophageal motility, there can be patients with changes within the threshold for their inclusion and others with marked changes. Thus, in this condition there is an important variation of manometric changes, some of which are pronounced and consequently will refer more obvious symptoms. The manometric changes of ineffective esophageal motility were described by Kahrilas *et al*.^[@r09]^ on a study of the effects of changes in peristalsis on the esophageal clearance volume and included in the abnormal functions of the incomplete transport of the bolus by the organ. However, more studies are needed aiming to make a division between the manometric changes found in ineffective esophageal motility and its possible repercussions on each patient.

The three patients who were diagnosed with nutcracker esophagus had average amplitude above 200 mmHg, two had residual pressure at the same levels of the control group and one had residual pressure of 15 mmHg. It is likely that the hypercontractility recorded in the body of the esophagus in the two patients with residual pressure equal to the control group already existed before the surgery. However, regarding the latter, it is difficult to say whether it is a result of the Nissen fundoplication or not. With the exception of this patient, all others who had high residual pressure did not have high amplitude esophageal waves. And about to the four cases of diffuse esophageal spasm, is believed that, as in the case of those suffering from achalasia, the presumable low LES may have contributed to the absence of dysphagia before surgery.

Among the group of 41 patients, nine had normal peristalsis, normal maximal expiratory pressure and median respiratory pressure, and residual pressure at the same levels as the control group. Thus, it was considered as manometric study within the normal range when it was not recorded manometric change justifying dysphagia. Wilshire et al.^[@r27]^ discuss the etiology of the postoperative dysphagia after Nissen fundoplication and the role of the esophageal motility disorders, the incomplete relaxation of the LES (high residual pressure), a constriction or a combination of these factors, concluding that impaired relaxation of the neo-high pressure zone, best discriminates those with dysphagia from asymptomatic patients. Myers et al.^[@r18]^ performed conventional manometry in patients with and without dysphagia, about five months after partial and total fundoplication. They found that patients with dysphagia who underwent fundoplication had high residual pressure relaxation of the lower esophageal sphincter. And Granderath et al.^[@r06]^, analysing a group of 50 patients with persistent or recurrent dysphagia after fundoplication, concluded in their study that the etiology in most of them was related to the closure of the diaphragmatic hiatus.

The residual pressure studied was higher in patients with dysphagia compared to those submitted to the same type of surgery and who presented no dysphagia, with statistical significance (p\<0.05). Among the patients with dysphagia, eight cases showed values ​​increased of approximately 30% to the maximum value found in the control group, 12 had values ​​of 50%, two had twice the maximum value from this group, and two other had values ​​three times greater than the maximum value of the control group. Mathew *et al*.^[@r07]^, in their studies showed a significant correlation between the high values of residual pressure with dysphagia for liquids in postoperative fundoplication.

Regarding the LES resting pressure in this study, there was no statistically significant difference between the groups with and without dysphagia. Slim et al.^[@r24]^ compared asymptomatic patients in postoperative fundoplication with those who had moderate or severe dysphagia, concluding that the LES pressure was significantly higher in the latter group.

The hypothesis is that patients with GERD included in the study reported no dysphagia preoperatively probably due presenting low LES pressure and therefore lacked an effective antireflux barrier at the level of the LES^[@r16]^. After fundoplication, they started to have an effective barrier, but esophageal peristalsis was abnormal. Thus, the equilibrium that existed for the progression of the bolus was disrupted with the creation of the effective barrier to prevent gastroesophageal reflux by Nissen fundoplication. Some cases had early-stage achalasia, without esophageal dilation in barium swallow examination of the esophagus.

Finally, this study shows that the dysphagia that could be present in motility disorders in patients with an effective barrier for gastroesophageal reflux may not revel itself when there is the presence of hiatal hernia and incompetence of the LES. It was demonstrated that high residual pressure was higher and statistically significant in patients with dysphagia, compared with those operated without dysphagia and, moreover, that changes in motility were more numerous in those who had dysphagia.

Future studies individualizing and, possibly, categorizing each change of esophageal motility and the LES pressure may contribute to the prevention of persistent dysphagia in the postoperative fundoplication.

CONCLUSION
==========

The indication of preoperative esophageal manometry shows a more detailed analysis of the esophagus and LES, contributing to the best approach to be performed in patients with GERD and hiatal hernia. Changes of esophageal motility must be individualized and well researched before surgery, and it is certainly essential in patients with GERD associated with dysphagia. And, undoubtedly, it is also an important method in the evaluation of patients with postoperative dysphagia, which can greatly contribute, after careful consideration, to the proper conduct to be adopted in the treatment of these cases. Consequently, it is important to analyze the residual pressure of the LES, because may contribute to elucidate the etiology of dysphagia after fundoplication.
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